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Description 

X-RAY TUBE COOLANT VOLUME 
CONTROL SYSTEM 

Background of Invention 

[0001] The present invention relates generally to thermal energy 
management systems and cooling circuits within electron 
beam generating devices and systems. More particularly, 
the present invention relates to a system for controlling 
coolant volume size within an x-ray tube. 

[0002] a computed tomography (CT) imaging system typically in- 
cludes a gantry that rotates at various speeds in order to 
create a 360° image. The gantry contains a CT tube, which 
generates x-rays across a vacuum gap between a cathode 
and an anode. In order to generate the x-rays, a large 
voltage potential is created across the vacuum gap, which 
allows electrons to be emitted, in the form of an electron 
beam. The electron beam is emitted from the cathode to a 
target on the anode. In releasing of the electrons, a fila- 
ment contained within the cathode is heated to incandes- 



cence by passing an electric current therein. The electrons 
are accelerated by the high voltage potential and impinge 
on the target, where they are abruptly slowed down to 
emit x-rays. The high voltage potential produces a large 
amount of heat within the CT tube, especially within the 
anode. 

[0003] The vacuum vessel is typically enclosed in a casing filled 
with circulating cooling fluid, such as dielectric oil. The 
cooling fluid often performs two duties: cooling the vac- 
uum vessel, and providing high voltage insulation be- 
tween the anode and the cathode. The cooling fluid in 
cooling the vacuum vessel maintains temperatures thereof 
and components contained therein. The temperature 
maintenance of the CT tube aids in the prevention of im- 
age artifacts, as well as increasing the life of the CT tube 
components. 

[0004] The cooling fluid within the CT tube typically has a high 

coefficient of thermal expansion (CTE). In other words, the 
cooling fluid volume of the fluid can increase and de- 
crease significantly with change in temperature. Currently 
a moveable diaphragm is used to compensate for the ex- 
pansion of the cooling fluid. For CT imaging systems that 
use a separate heat exchanger for the CT tube, during a 



CT tube maintenance replacement, the cooling fluid vol- 
ume can become maladjusted when the CT tube and cor- 
responding cooling circuit is at an elevated temperature. 

[0005] when a CT tube is replaced, the replacement CT tube and 
the cooling fluid contained therein are at room tempera- 
ture. The CT tube being replaced is typically at a tempera- 
ture above room temperature. Although, the volume of 
the cooling fluid within the replacement CT tube is ap- 
proximately the same as the volume of the cooling fluid 
within the CT tube being replaced, the actual amount of 
room temperature fluid in the replacement tube is greater 
than that of the CT tube being replaced. Thus, the re- 
placement in effect increases the amount of fluid within 
the cooling circuit. This increase in the amount of fluid 
can be as much as one third of a liter, which upon heating 
of the replacement CT tube can result in the fluid volume 
expanding beyond a mechanical limit of the diaphragm. 
The expansion beyond the mechanical limit creates an 
overpressure situation within the cooling circuit. This 
overpressure situation can cause the cooling circuit to op- 
erate inappropriately and eventually cause the system to 
become inoperable. 

[0006] Thus, there exists a need for a CT tube cooling circuit or 



associated system that is capable of accounting for a 

change in cooling fluid volume upon replacement or 

maintenance of a CT tube. 
Summary of Invention 

[0007] The present invention provides an imaging tube coolant 

volume control system for an imaging tube that includes a 
compensation tank, which is configured to fluidically cou- 
ple an imaging tube cooling circuit. The compensation 
tank includes a cooling fluid and a compensation-dividing 
member. The member is adjustable in response to the 
change in the volume of the cooling fluid. An overflow 
vessel is fluidically coupled to the compensation tank. A 
compensation valve is coupled between the compensation 
tank and the overflow vessel and allows flow of the cool- 
ing fluid between the compensation tank and the overflow 
vessel when pressure of the cooling fluid is greater than 
or equal to a first predetermined pressure level. 

[0008] The embodiments of the present invention provide several 
advantages. One such advantage that is provided by mul- 
tiple embodiments of the present invention is the provi- 
sion of an imaging tube coolant volume control system 
having a compensation tank and an overflow vessel. The 
operational combination of which compensates for a vol- 



ume expansion and an increase in the amount of a cooling 
fluid within an imaging tube and associated cooling cir- 
cuit. In so doing, the volume of the cooling fluid is main- 
tained within the imaging tube even during maintenance 
or replacement thereof, which aids in maintaining proper 
operation and increasing service life of imaging system 
components and systems. 

[0009] Another advantage that is provided by multiple embodi- 
ments of the present invention is the provision of an 
imaging tube coolant volume control system having mul- 
tiple pressure compensation, relief, and switching devices 
for improved cooling fluid volume control within an imag- 
ing tube and imaging system protection. This further 
maintains proper operation and increases service life of 
imaging system components and systems. 

[0010] The present invention itself, together with attendant ad- 
vantages, will be best understood by reference to the fol- 
lowing detailed description, taken in conjunction with the 

accompanying figures. 
Brief Description of Drawings 

[001 1] For a more complete understanding of this invention ref- 
erence should now be had to the embodiments illustrated 
in greater detail in the accompanying figures and de- 



scribed below by way of examples of the invention 
wherein: 

[0012] Figure 1 is a schematic block diagrammatic view of a 

computed tomography imaging system utilizing a CT tube 
cooling circuit having an imaging tube coolant volume 
control system in accordance with an embodiment of the 
present invention; 

[0013] Figure 2 is a perspective view of the CT tube cooling cir- 
cuit of Figure 1 in accordance with an embodiment of the 
present invention; and 

[0014] Figure 3 is a logic flow diagram illustrating a method of 
compensating for change in volume of a cooling fluid 
within an imaging tube as applied to a CT tube mainte- 
nance procedure and in accordance with an embodiment 

of the present invention. 
Detailed Description 

[0015] | n the following figures, the same reference numerals will 
be used to refer to the same components. While the 
present invention is described with respect to system for 
controlling coolant volume within a computed tomogra- 
phy (CT) tube, the following apparatus and method is ca- 
pable of being adapted for various purposes and is not 
limited to the following applications: magnetic resonance 



imaging (MRI) systems, CT systems, radiotherapy systems, 
flouroscopy systems, X-ray imaging systems, ultrasound 
systems, vascular imaging systems, nuclear imaging sys- 
tems, magnetic resonance spectroscopy systems, and 
other applications known in the art where maintenance of 
a cooling fluid volume is desired. The present invention 
may apply to x-ray tubes, CT tubes, or other imaging 
tubes known in the art. 

[0016] | n the following description, various operating parameters 
and components are described for one constructed em- 
bodiment. These specific parameters and components are 
included as examples and are not meant to be limiting. 

[0017] Referring now to Figure 1, a schematic block diagram- 
matic view of a computed tomography imaging system 10 
utilizing a CT tube cooling circuit 11 in accordance with 
an embodiment of the present invention is shown. The 
imaging system 10 includes a gantry 12 that has the cool- 
ing circuit 11, with a CT tube assembly 13 and an imaging 
tube coolant volume control system 14, and a detector ar- 
ray 16. The volume control system 14 maintains volume 
of a cooling fluid 17 within an x-ray generating device or 
CT tube 18 of the CT tube assembly 13. The tube 18 
projects a beam of x-rays 20 towards the detector array 



16. The detector array 16 and the tube 18 rotate about an 
operably translatable table 22. The table 22 is translated 
along a z-axis between the CT tube assembly 13 and the 
detector array 16 to perform a helical scan. The beam 20 
after passing through a medical patient 24, within a pa- 
tient bore 26, is detected at the detector array 16. The 
detector array 16 upon receiving the beam 20 generates 
projection data that is used to create a CT image. 

[0018] The volume control system 14 is utilized by the cooling 
circuit 11 to maintain volume of the cooling fluid 17 
within the CT tube 18. The volume control system 14 is 
coupled to the CT tube 18 via an expansion tube 27. Of 
course, the volume control system 14 may be coupled to 
the CT tube 18 directly or using other techniques known 
in the art. The volume control system 14 compensates for 
volume expansion and contraction of the cooling fluid 17 
during operation of the CT tube 18, caused by change in 
operating temperature of the CT tube 18 and thus the 
cooling fluid 17. This is described in further detail below. 
The volume control system 14 may be located within the 
gantry 12 as shown, or may be in various other locations 
known in the art. 

[0019] The cooling fluid 17 has a contracted volume and an ex- 



panded volume. The contracted volume refers to when the 
cooling fluid is in a relatively cold temperature state, such 
as at room temperature. During normal operating condi- 
tions, the cooling fluid 17 has a normal operational ex- 
pansion volume, which may be referred to as the ex- 
panded volume. The cooling fluid 17 may be in the form 
of dielectric oil, or other fluids, such as water and air. 
[0020] The CT tube 18 and the detector array 16 rotate about a 
center axis 28. The beam 20 is received by multiple de- 
tector elements 30. Each detector element 30 generates 
an electrical signal corresponding to the intensity of the 
impinging x-ray beam 20. As the beam 20 passes through 
the patient 24 the beam 20 is attenuated. Rotation of the 
gantry 12 and the operation of tube 18 are governed by a 
control mechanism 32. The control mechanism 32 in- 
cludes an x-ray controller 34 that provides power and 
timing signals to the tube 18 and a gantry motor con- 
troller 36 that controls the rotational speed and position 
of the gantry 12. A data acquisition system (DAS) 38 sam- 
ples analog data from the detector elements 30 and con- 
verts the analog data to digital signals for subsequent 
processing. An image reconstructor 40 receives sampled 
and digitized x-ray data from the DAS 38 and performs 



high-speed image reconstruction. A main controller or 
computer 42 stores the CT image in a mass storage de- 
vice 44. 

[0021] The computer 42 also receives commands and scanning 
parameters from an operator via an operator console 46. 
A display 48 allows the operator to observe the recon- 
structed image and other data from the computer 42. The 
operator supplied commands and parameters are used by 
the computer 42 in operation of the DAS 38, the x-ray 
controller 34, and the gantry motor controller 36. In addi- 
tion, the computer 42 operates a table motor controller 
50, which translates the table 22 to position patient 24 in 
the gantry 12. 

[0022] -rh e x-ray controller 34, the gantry motor controller 36, 
the image reconstructor 40, the computer 42, and the ta- 
ble motor controller 50 may be microprocessor-based 
such as a computer having a central processing unit, 
memory (RAM and/or ROM), and associated input and 
output buses. The x-ray controller 34, the gantry motor 
controller 36, the image reconstructor 40, the computer 
42, and the table motor controller 50 may be a portion of 
a central control unit or may each be stand-alone compo- 
nents as shown. 



[0023] Referring now to Figure 2, a perspective view of the CT 
tube cooling circuit 11 is shown in accordance with an 
embodiment of the present invention. As stated above, 
the cooling circuit 11 includes the CT tube assembly 13 
and the volume control system 14. 

[0024] The tube assembly 13 includes the CT tube 18 with a 

housing unit 52 and having an anode end 56, a cathode 
end 58, and a center section 60. The center section 60 is 
positioned between the anode end 56 and the cathode 
end 58. The x-ray tube 18 is enclosed in a fluid chamber 
or vessel 62. The chamber 62 is typically filled with the 
cooling fluid 17. The cooling fluid 17 circulates through 
housing 52 to cool the x-ray tube 18 and may insulate the 
vessel 62 from the high electrical charges within the x-ray 
tube 18. The tube assembly 13 also includes a radiator or 
heat exchanger 68 and a coolant pump 69 for cooling of 
the CTtube 18. 

[0025] The heat exchanger 68 is positioned to one side of the 

center section 60 and cools the cooling fluid 17. The heat 
exchanger 68 may have fans 70 and 72 operatively con- 
nected to the heat exchanger 68, which provide airflow 
over the heat exchanger 68. The pump 69 is provided to 
circulate the cooling fluid 17 through the cooling assem- 



bly 11, the housing 52, and the heat exchanger 68. Elec- 
trical connections, for communication with the x-ray tube 
18, are provided through an anode receptacle 74 and a 
cathode receptacle 76. A casing window 78 is provided for 
x-ray emission from the vessel 62. 

[0026] The volume control system 14 is coupled to the heat ex- 
changer 68 via the expansion tube 27. The volume control 
system 14 includes a compensation tank 80 and an over- 
flow vessel 82. The compensation tank 80 is coupled to 
the CT tube 18 by the expansion tube 27. The overflow 
vessel 82 is coupled to the compensation tank 80 by an 
overflow tube 84. The volume control system 14 also in- 
cludes a compensation valve 86 and a pressure switch 87, 
which are utilized in operable fluid control of the system. 
The pressure switch 87 may be electrically coupled to the 
x-ray controller 34. 

[0027] The compensation tank 80 includes a first half 88 having 
a cooling fluid side 90 and a second half 92 having a relief 
fluid side 94. Although the halves 88 and 92 are shown as 
being coupled to each other via the flanges 96, other cou- 
pling techniques known in the art may be utilized. The 
halves 88 and 92 may be integrally molded into a single 
unit. The cooling fluid side 90 is generally filled with the 



cooling fluid 17 and the relief fluid side 94 is generally 
filled with a relief fluid 98. In one embodiment of the 
present invention, the cooling fluid side 90 is positioned 
above the CT tube 18 and oriented such that cooling fluid 
17 may freely enter and return from the cooling fluid side 
90 during expansion and contraction of the cooling fluid 
17. 

[0028] The internal volume of the relief fluid side 94 is greater 
than or approximately equal to the normal operational 
expansion volume of the cooling fluid 17. This allows the 
expanded volume of the cooling fluid 17 to fill the com- 
pensation tank 80 and increase the volume of the cooling 
fluid side 90. As the temperature of the cooling fluid 17 
increases, thus increasing the volume of the cooling fluid 
17, a portion of the cooling fluid 17 enters the cooling 
fluid side 90 through release of the relief fluid 98 on the 
relief fluid side 94. In one embodiment of the present in- 
vention, the internal volume of the relief fluid side 94 is 
set equal to the normal operational expansion volume of 
the cooling fluid 17. 

[0029] The relief fluid 98 may be in the form of air, nitrogen, a 
pure gas, or some other relief fluid known in the art. A 
compensation-dividing member 100 resides between the 



cooling fluid side 90 and the relief fluid side 94. The di- 
viding member 100 may be in the form of a diaphragm, a 
cup, or some other separating or dividing member. The 
dividing member may be flexible or rigid in nature and 
may be formed of polyethylene, a high-density polyethy- 
lene, Teflon®, a plastic material, or other similar material, 
or a combination thereof. 

[0030] The compensation tank 80 also includes a first pressure 
relief device 102 coupled to the second half 94. The first 
relief device 102 releases the relief fluid 98 from the tank 
80 as the cooling fluid 17 enters the first half 90. The first 
relief device 102 may be in the form of a vent, a relief 
valve, or some other relief device known in the art. 

[0031] jhe overflow vessel 82 includes an outer housing 104 
having a threaded cap 105 and an overflow bag 106, 
which is contained therein. The outer housing 104 may be 
positioned above the cooling fluid side 90 and oriented 
such that the cooling fluid 17 within the cooling fluid side 
90 may enter and return from the bag 106. The bag 106 
is expandable to the internal volume of the housing 104. 
The internal volume of the housing 104 is greater than or 
approximately equal to the expansion volume of the relief 
fluid side 94 during cold temperature or imaging system 



start-up conditions. In one embodiment of the present in- 
vention, the expansion volume of the relief fluid side 94 is 
approximately 20 cubic inches and the internal volume of 
the housing 104 is approximately 24 cubic inches. 

[0032] The overflow bag 106 may also be formed of polyethy- 
lene, a high-density polyethylene, Teflon®, a plastic ma- 
terial, or other similar material, or a combination thereof. 
The overflow vessel 82 contains a relief fluid 108, such as 
the relief fluid 98, which may be released through a sec- 
ond pressure relief device 110 as the cooling fluid 17 
flows into the bag 106. The second pressure relief device 
110 may also be in the form of a vent, a relief valve, or 
some other known relief device. 

[0033] The compensation valve 86 is pressure sensitive. The 

compensation valve 86 allows flow of the cooling fluid 17 
to the overflow vessel 82 when the pressure of the cooling 
fluid 17 is greater than or equal to a first predetermined 
value. Although the compensation valve 86 is shown as 
being coupled in series with the overflow tube 84 between 
the compensation tank 80 and the overflow vessel 82, the 
compensation valve 86 may be coupled directly to the 
compensation tank 80 or the overflow vessel 82, or may 
be coupled elsewhere. The compensation valve 86 may be 



in various valve forms known in the art. 
[0034] The pressure switch 87 performs as a safety switch, such 
that when the overflow vessel 82 is filled with the cooling 
fluid 17 and/or when the pressure of the cooling fluid 17 
increases to be greater than or equal to a second prede- 
termined value, the switch 87 disables operation of the CT 
tube 18. The pressure switch 87 may also be used to dis- 
able other components or systems, as well as to inhibit 
operational tasks of the CT system 10 from being per- 
formed. The pressure switch 87 is coupled to and resides 
on the cooling fluid side 90. The pressure switch 87 may 
be mounted in various other locations, as long as it is ca- 
pable of readily determining pressure of the cooling fluid 
17. 

[0035] Referring now to Figure 3, a logic flow diagram illustrating 
a method of compensating for change in volume of a 
cooling fluid 17 within the imaging tube 18 as applied to 
a CT tube maintenance procedure and in accordance with 
an embodiment of the present invention is shown. 

[0036] | n ste p 120, the CT system 10 and CT tube 18 are enabled 
such that the cooling fluid 17 "comes-up" to normal op- 
erating temperature and volume. In step 121, as the tem- 
perature of the cooling fluid 17 increases and as the vol- 



ume of the cooling fluid 17 increases within the CT tube 
18 beyond the allotted internal volume of the CT tube 
vessel 62, the cooling fluid 17 enters the cooling fluid 
side 90. This is further enabled through repositioning or 
expanding of the dividing member 100 in response to 
change in volume of the cooling fluid 17. As the dividing 
member 100 is adjusted and pressure within the relief 
side 94 increases, the first relief device 102 allows the re- 
lief fluid to be released from the compensation tank 80. 

[0037] | n step 122, it is determined that the CT tube 18 needs to 
be repaired or replaced. In step 124, the CT system 10 is 
disabled and the CT tube 18 is removed from the system 
10. In step 126, the original CT tube 18 is repaired and 
reinstalled or a new CT tube is installed. In step 128, the 
bag 106 is removed from the overflow vessel 82 via the 
cap 105. Any cooling fluid within the bag 106 is removed 
therefrom. In step 130, the system is reactivated. 

[0038] | n s tep 132, the compensation valve 86 allows passage of 
the cooling fluid 17 into the bag 106. As the temperature 
of the cooling fluid 17 increases causing the volume of 
the cooling fluid 17 to increase beyond the allotted inter- 
nal volume of the CT tube vessel 62 and beyond the allot- 
ted internal volume of the compensation tank 80, the 



cooling fluid 17 is allowed to pass into the overflow vessel 
82. The compensation valve 86 opens as pressure of the 
cooling fluid 17 increases to be greater than that of the 
first predetermined value. In one example embodiment, 
the first predetermined value is approximately equal to 
5psi. When the pressure of the cooling fluid 17 is approx- 
imately 5psi, the compensation valve 86 opens allowing 
the cooling fluid 17 to pass between the cooling fluid side 
90 and the bag 106. As cooling fluid 17 enters the bag 
106 the second relief device 110 releases the relief fluid 
108 within the overflow vessel 82. 

[0039] | n s tep 134, in the event that the compensation tank 80 
and the bag 106 are filled with the cooling fluid 17 and 
yet further expansion of the cooling fluid 17 is occurring, 
causing the pressure of the cooling fluid 17 to increase 
and be greater than or equal to that of the second prede- 
termined value, the pressure switch 87 disables operation 
of the CT tube 18 and may also disable other desired 
components, systems, and system operations. In another 
example embodiment, the second predetermined value is 
set equal to approximately lOpsi. 

[0040] The above-described steps are meant to be an illustrative 
example; the steps may be performed synchronously, si- 



multaneously, sequentially, or in a different order de- 
pending upon the application. Also, although the above 
method is described with respect to a maintenance proce- 
dure, the method may be easily modified and applied such 
that it may be used during normal operating procedures 
or during other CT system related procedures known in 
the art. 

[0041] The present invention provides an imaging tube coolant 
volume control system having a compensation tank and 
an overflow vessel, which allow for the normal operational 
expansion of cooling fluid within an imaging tube, as well 
as compensating for situations when an increased amount 
of cooling fluid is introduced into the system and further 
allotted cooling fluid expansion is desired. The present 
invention also provides increased operational safety of a 
CT tube and associated imaging system, as well as a cool- 
ing fluid volume control technique that may be utilized 
during various maintenance procedures. 

[0042] The above-described apparatus and method, to one 

skilled in the art, is capable of being adapted for various 
applications and systems known in the art. The above- 
described invention can also be varied without deviating 
from the true scope of the invention. 



